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Abstract
Acetylcholinesterase (AChE, EC 3.1.1.7) was extracted from sheep platelets by successive homogenizations, yielding low-
salt soluble (LSS), high-salt soluble (HSS) and detergent-soluble (DS) fractions. These accounted, respectively, for about
30%, 7% and 60% of total AChE activity. Applications of hydrophobic chromatography on phenyl-agarose to three
solubilized fractions revealed that hydrophilic forms were almost exclusively located in the LSS fraction (W27% of total
AChE), whereas most amphiphilic forms were present in DS extracts (W59% of total AChE), the remaining forms being
distributed among aqueous soluble fractions. Enzyme molecular forms in the solubilized extracts were identified by
centrifugation in 5^20% sucrose gradients containing Triton X-100 or Brij 97 to differentiate between hydrophilic or
amphiphilic species. A predominance of hydrophilic dimeric forms (W22%), with small amounts of hydrophilic monomers
(5%) and amphiphilic dimers and monomers (3%), was found in soluble AChE (LSS fraction). Amphiphilic AChE forms
extracted in the HSS and DS fractions had a single peak in the sedimentation profiles with sedimentation coefficients of
about 6S in gradients with Triton X-100; these were slightly shifted in the presence of Brij 97. After treatment with
dithiothreitol, this molecular form solubilized in DS was converted to another molecular form with a lower sedimentation
coefficient. Our results show that amphiphilic globular dimers are the dominant molecular form in sheep platelet AChE,
suggesting a partial conversion of this membrane-bound form into soluble dimers and monomers, mainly with a hydrophilic
character, through the action of either endogenous proteases and phospholipases or residual endogenous reducing
agents. ß 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction
Acetylcholinesterase (AChE, EC 3.1.1.7) is a ubiq-
uitously distributed glycoprotein that is associated
primarily with cells involved in cholinergic synaptic
transmission, where it hydrolyzes the neurotransmit-
ter acetylcholine [1,2]. Nevertheless, it is also found
in other vertebrate tissues [3] and blood cells, such as
erythrocytes [4], lymphocytes [5,6] and platelets [7,8].
The function of blood-borne AChE is uncertain. It
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seems unlikely that the enzyme would play a hydro-
lytic e¡ect on circulating acetylcholine, suggesting
that it might participate in the maturation and/or
degradation of neuropeptides and xenobiotics as
well as in pain relief [1,9], because it has been shown
to possess other catalytic activities in addition to
esterase activity [9].
On the basis of its quaternary structure, AChE is
generally classi¢ed into two groups: (1) asymmetric
species (A), which contain three (A12), two (A8) or
one (A4) tetrameric assemblies of enzyme subunits
disul¢de-bonded to a single strand of triple helical
collagenic structural subunit; (2) globular forms
(G), which have four (G4), two (G2) or one (G1)
catalytic subunits. The size and shape of these di¡er-
ent molecular forms is re£ected in their sedimenta-
tion coe⁄cients following sucrose density gradient
centrifugation [1,2]. Globular forms are more widely
distributed and may exist as either soluble or mem-
brane-bound forms; they can be extracted from tis-
sues with low or high ionic strength bu¡ers without
or with detergents. AChE forms can be further sub-
classi¢ed as amphiphilic molecules (GA), in which
case they interact with detergents or with hydropho-
bic resins and presumably correspond to integral
membrane proteins in situ, and as hydrophilic com-
ponents (GH), when they do not and are presumably
soluble proteins. In both cases, the forms show sim-
ilar catalytic properties [1,2,10].
The polymorphism of AChE in blood cells may be
limited to globular forms, among which the amphi-
philic dimer seems to be the dominant molecular
form and has been identi¢ed in mammalian erythro-
cytes [4,11] and human and rabbit lymphocytes [5,6].
It is externally anchored to the membrane by glyco-
sylphosphatidylinositol (GPI) [4,6]. In platelets, most
of the AChE is also membrane-bound [8,12] and
during platelet activation a particular portion of
the enzyme is released [13]. Sheep platelet plasma
membrane-bound AChE can be released by either
Staphylococcus aureus phosphatidylinositol-speci¢c
phospholipase C (PI-PLC) or deoxycholate-speci¢c
platelet PI-PLC [14], although the exact nature of
its isoforms is unknown.
In this study, we report the characteristics of
AChE molecular forms extracted sequentially from
sheep platelets with saline and saline-octylglucoside
bu¡ers. The dimeric molecular form obtained by su-
crose gradient sedimentation analysis in membrane-
bound AChE was con¢rmed after treatment with re-
ducing and alkylating agents. The amphiphilic and
hydrophilic properties of the enzyme were assessed
by hydrophobic chromatography on phenyl-agarose
and sedimentation analysis.
2. Materials and methods
2.1. Chemicals
Acetylthiocholine chloride, antiproteinases, bovine
serum albumin (BSA), 1,5P-bis(4-allyldimethylammo-
niumphenyl)-pentan-3-one dibromide (BW284c51),
Brij 97, butyrylthiocholine chloride, 5,5P-dithio-bis-
2-nitrobenzoic acid (DTNB), dithiothreitol (DTT),
eserine (physostigmine), ethopropazine, E. coli L-D-
galactosidase (16.0 S20;w), bovine intestinal mucosa
alkaline phosphatase (6.1 S20;w), N-ethylmaleimide
(NEM), L-D-octylglucoside (OG), Triton X-100
and phenyl-agarose were all from Sigma (Sigma-
Aldrich Qu|¤mica, Spain). Ethylenediaminetetraacetic
acid (EDTA), sucrose and the remaining products
were provided by Panreac or Probus (Barcelona,
Spain).
2.2. Solubilization of AChE
Platelets were isolated from the fresh blood of
adult sheep (Ovis aries L. var. domestica) collected
at a local slaughterhouse by the procedure previously
described [8] using citrate-phosphate-dextrose-ad-
enine as anticoagulant. Blood was spun at 300Ug
for 15 min and the platelet-rich plasma was freed
of other blood cells by three cycles of di¡erential
centrifugation at 1500Ug for 3 min, ¢nally contain-
ing a low degree of contamination by erythrocytes
(6 0.05%) and leukocytes (6 0.005%). The platelet
preparation was sedimented at 3000Ug for 30 min,
gently suspended in 10 mM Tris-HCl, pH 7.4 (bu¡er
A), containing 0.15 M NaCl, and washed twice in the
same bu¡ered solution. Then, platelets resuspended
at 50% (w/v) in bu¡er A containing 0.15 M NaCl
and antiproteinases (1 mM EDTA and 1 mg/ml pep-
statin, leupeptin and aprotinin) were homogenized
with a Polytron as indicated previously [8]. A soluble
extract (LSS fraction) was obtained after centrifuga-
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tion of the homogenate at 105 000Ug for 1 h at 4‡C.
The pellet was then extracted with a high-salt bu¡er
(bu¡er A containing 1 M NaCl and 50 mM MgCl2 :
bu¡er B) at 50% (w/v) by shaking for 30 min at 4‡C.
After centrifugation as above, the supernatant was
recovered (HSS fraction). The pellet obtained, resus-
pended in bu¡er B, was treated with detergent (11
mg OG/mg protein or Triton X-100 under the pre-
viously reported conditions [15]) and centrifuged in
the same conditions as indicated before, yielding a
new supernatant fraction (DS fraction). Finally, non-
extractable AChE was detected in the residual pellet
(P3 fraction). The distribution of AChE forms in the
solubilized fractions was assessed by phenyl-agarose
chromatography and centrifugation on sucrose gra-
dients.
2.3. Separation of amphiphilic and hydrophilic forms
of AChE
Amphiphilic and hydrophilic AChE molecules
were separated by chromatography on a hydropho-
bic matrix and later identi¢ed by sedimentation anal-
ysis. Aliquots (5^10 ml) of the LSS, HSS and DS
fractions containing 11 mg OG/mg protein were
poured into a column (10U1 cm) of phenyl-agarose
preequilibrated in bu¡er B. The column was then
eluted (15 ml/h) with 75 ml of bu¡er B and subse-
quently with bu¡er B containing 2% (w/v) Triton X-
100 (detergent-bu¡er B), collecting fractions of 2.5 ml
and assaying for proteins and AChE activity. Hydro-
philic forms were not retained by the gel, and re-
tained amphiphilic AChE molecules were eluted
with detergent-bu¡er B.
2.4. Sedimentation analysis
The molecular forms of AChE from the LSS, HSS
and DS fractions and hydrophilic and amphiphilic
peaks were analyzed by centrifugation on 5^40 or
5^20% (w/v) linear sucrose gradients made up in
bu¡er B containing 0.5% Triton X-100 or 0.5% Brij
97 (w/v). Ultracentrifugation was performed at
165 000Ug for 18 h. About 40 fractions (275 Wl
each) were collected from the bottom of each gra-
dient and were assayed for AChE activity and en-
zyme markers. The relative proportions of the
AChE activity of each molecular form were esti-
mated by adding the activities under each peak and
under the entire sedimentation pro¢le (recovery be-
tween 90 and 95%). Sedimentation coe⁄cients were
calculated according to Martin and Ames [16], using
L-galactosidase (16.0 S20;w) and alkaline phosphatase
(6.1 S20;w) as standards. The hydrophilic or amphi-
philic nature of the molecular forms was con¢rmed
by their migration in sucrose gradients made up with
Triton X-100 or Brij 97 [17].
2.5. Disul¢de bridge reduction
In some experiments, samples from the amphi-
philic AChE forms from DS extracts were treated
with DTT at 10 mM ¢nal concentration at 37‡C
for 90 min at pH 8.6 in the presence or absence of
0.5 mM edrophonium chloride. The reappearance of
disul¢de bonds was prevented by addition to the
mixture of NEM at 10 mM ¢nal concentration
[18]. Reduced samples were dialyzed before sedimen-
tation analysis to eliminate substances that might
interfere with the assay of AChE activity.
2.6. Enzymatic assays
AChE and butyrylcholinesterase (BuChE) activ-
ities were measured by the method of Ellman et al.
[19]. AChE was determined by measuring the hydrol-
ysis of acetylthiocholine chloride as indicated previ-
ously [15]. BuChE activity was measured in a similar
way, using 1 mM butyrylthiocholine as substrate in
the presence of 10 WM BW284c51, a relatively spe-
ci¢c inhibitor of AChE. One unit of AChE or
BuChE activity is equal to 1 Wmol of substrate hy-
drolyzed per min at 25‡C. The AChE activity in
fractions recovered from sucrose gradients was meas-
ured by application of a microtiter assay as described
earlier [20]. Before substrate addition, samples were
incubated for 15 min with DTNB and inhibitors to
be sure that free thiol groups had reacted with the
Ellman reagent and that BuChE had been completely
inhibited by the appropriate inhibitor.
The protein contents of di¡erent samples were es-
timated by the adaptation of the Lowry method de-
scribed by Dulley and Grieve [21], using BSA as
standard.
BBAMEM 77498 2-12-98
M. Roc|¤o Marcos et al. / Biochimica et Biophysica Acta 1415 (1998) 163^173 165
3. Results and discussion
3.1. Solubilization of AChE
As has been reported previously [8,13], platelet
AChE is distributed in both the cytosolic and mem-
brane fractions. We were therefore testing the rela-
tive amounts of AChE activity of these two compart-
ments in sheep platelets. It was found that after
platelet homogenization with low-salt bu¡er contain-
ing antiproteinase mixture, about 30% of the enzyme
activity and 78% of total protein could be recovered
in cytosolic fraction (LSS) (Fig. 1). The remaining
AChE activity was membrane-bound. These results
are in fair agreement with those found previously by
us [8]. The enzyme extracted in the cytosolic fraction
represents the soluble AChE located or released dur-
ing platelet activation in this fraction, as has been
reported previously [13].
Owing to the observed heterogeneity in the solubi-
lization behavior of several di¡erent AChE species, a
sequential extraction procedure was applied. The re-
sults are given in Fig. 1. Treatment of sheep platelet
crude membranes with high-salt bu¡er (bu¡er B)
solubilized 14% of total proteins and a small amount
of AChE (7% of total activity) in the HSS fraction,
most of the activity remaining bound to the mem-
brane. Similar results have been reported in human
erythrocyte ghosts with bu¡ers containing at least
1 M NaCl [11]. This ¢nding suggests that the pool
of solubilized AChE found in the HSS fraction might
represent the loosely membrane-bound enzyme re-
leased during treatment with high ionic strength bu¡-
er. Subsequent treatment of the sheep platelet crude
membranes, containing about 65% of total AChE,
with high-salt bu¡er containing L-D-octylglucoside
at 11 mg of detergent per mg of protein resulted in
almost complete solubilization (bringing 92% of this
enzyme activity into solution (DS fraction)) of the
enzyme, which had a speci¢c activity of 87.9 mU
mg31, while 8% was not extracted (fraction P3). Tri-
ton X-100 was less e¡ective as a solubilizing agent
because only 60% of the membrane-bound enzyme
activity could be brought into solution at 1.5%
(w/v) of detergent [15]. These results demonstrate
that most of the enzyme is tightly bound to the mem-
brane and are in agreement with those reported by
Wong et al. [22], who demonstrated that, of the non-
ionic detergents examined, the polyoxyethylene-
based Tweens were the least e¡ective detergents for
the extraction of AChE from bovine erythrocyte
membranes. This detergent-dependent di¡erential
solubilization pattern suggests that the AChE from
membrane blood cells is linked to the membrane by a
GPI anchor, as proposed by Hooper et al. [23]. In
fact, in the absence of detergents, this enzyme can be
partially solubilized from platelet membranes [14]
and certain erythrocytes [4] by the action of PI-
PLC. The glycolipid domain is responsible for deter-
gent-enzyme interactions, a¡ording the hydrophobic
character [24].
3.2. Separation of amphiphilic and hydrophilic forms
The amphiphilic or hydrophilic properties of sheep
platelet AChE were analyzed by hydrophobic chro-
matography on phenyl-agarose.
It is well known that hydrophilic forms are freely
eluted in phenyl-agarose gel while amphiphilic forms
Fig. 1. Di¡erential solubilization of sheep platelet AChE using
saline bu¡ers with or without OG detergent. Platelets were re-
suspended in low-salt bu¡er containing antiproteinases, homo-
genized and centrifuged at 105 000Ug for 1 h, recovering the
cytosolic fraction (LSS). The crude membrane fraction was ex-
tracted with high-salt bu¡er followed by centrifugation as be-
fore, to yield a second soluble fraction (HSS). Finally, re-ex-
traction of the pellet with high-salt bu¡er containing OG
detergent followed by centrifugation at 105 000Ug for 1 h af-
forded a new supernatant fraction (DS) and a residual pellet
(P3). For speci¢c details, see Section 2. The distribution of pro-
teins and AChE activity in each fraction is expressed in percen-
tages, referring the sum of the total amount of either proteins
or AChE activity from the four fractions (LSS, HSS, DS and
P3) to 100%. Values are means þ S.E.M. of 4 individual deter-
minations done in triplicate.
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remain bound to the gel. However, cholinesterases
solubilized with Triton X-100 are unable to interact
with the phenyl-agarose matrix, which prevents the
separation of their amphiphilic and hydrophilic
forms by this procedure [25]. Here we report for
the ¢rst time that the replacement of Triton X-100
by OG in solubilization procedure permits the appli-
cation of phenyl-agarose chromatography for this
purpose, as described below. Because blood serum
is rich in hydrophilic forms of BuChE [26], it was
used in preliminary studies to gain insight into the
behavior of these forms in the presence or absence of
OG during phenyl-agarose chromatography. Samples
from sheep serum with or without OG were applied
on a phenyl-agarose column. As expected, the
BuChE from samples without OG was not adsorbed
onto the hydrophobic matrix. Similar results were
found in samples containing OG, where about 90%
of total activity was eluted with the equilibrium bu¡-
er (bu¡er B) and 9% with equilibrium bu¡er con-
taining Triton X-100 (results not shown). Similar
studies carried out in sheep platelet membrane-
bound AChE, an amphiphilic protein as determined
by Triton X-114 phase-partition [27], after solubiliza-
tion with OG revealed that the enzyme was fully
retained by the gel and was completely eluted after
washing the column with Triton-equilibrium bu¡er
(pro¢les identical to those shown in Fig. 2, panel
C). However, when the enzyme was solubilized
with Triton X-100, the enzyme extracted was not
retained by the hydrophobic gel. The depletion of
Triton X-100 by passage of the enzymatic extract
through Bio-Beads SM-2 polystyrene resin and sub-
sequent addition of OG allowed the gel-enzyme in-
teraction to be recovered (data not shown). These
results demonstrate that the addition of OG deter-
gent does not modify the interaction of the enzyme
with the hydrophobic gel, allowing the retention of
amphiphilic forms and the free elution of hydrophilic
forms in a similar manner to that reported for cho-
linesterases solubilized without detergent.
Study of the amphiphilic and hydrophilic proper-
ties of sheep platelet AChE was carried out in sam-
ples extracted with low-salt bu¡er (fraction LSS),
high-salt bu¡er (fraction HSS) and OG detergent-
high salt bu¡er (fraction DS). The fractions contain-
ing OG-detergent were applied on phenyl-agarose
columns and a¡orded the elution pro¢les shown in
Fig. 2. In samples from the LSS fraction, most of the
AChE (90%) was freely eluted in the chromato-
graphic process and the remaining enzyme (7%)
bound to the gel was recovered by passing Triton-
equilibrium bu¡er through the column. A typical
separation pro¢le is shown in panel A of Fig. 2.
The hydrophilic forms, which represent about 90%
of the total AChE in this fraction, are separated into
two peaks (I and II) with variable proportions; in
this case, 57 and 35%. Soluble AChE (fraction
LSS) contained the highest percentage of hydrophilic
forms, with 27% of total AChE extracted, whereas
Fig. 2. Separation by phenyl-agarose chromatography of hydro-
philic and amphiphilic AChE forms from LSS (panel A), HSS
(panel B) and DS (panel C) fractions extracted from sheep pla-
telets. The hydrophilic forms were eluted with the equilibrium
bu¡er (bu¡er B) and the adsorbed amphiphilic forms with the
equilibration bu¡er containing 2% Triton X-100 (w/v) (s). The
pro¢les shown are the results from a representative experiment
of ¢ve individual experiments run.
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only trace amounts (about 3%) of amphiphilic forms
were detected (Table 1). This distribution is similar
to that found for naturally soluble cholinesterases
from other materials, where a predominance of hy-
drophilic forms and a small proportion of amphi-
philic forms have also been described [1,3,25,28,29].
The hydrophobic character of amphiphilic forms
found in soluble AChE is probably masked by other
amphiphilic molecules (lipids or other amphiphiles)
to form a soluble complex that is not pelleted. It
should be noted in this respect that detergent-inter-
acting forms of AChE also occur in the low-salt
soluble fraction of electric organs [30] and in aqueous
extracts of house£y heads [31]. The amphiphilic and
a signi¢cant portion of hydrophilic forms found in
sheep platelet soluble AChE (LSS fraction) could
come from membrane-bound amphiphilic forms after
platelet activation or during enzyme solubilization.
Hydrophilic forms would merely be products gener-
ated by the action of endogenous proteases or phos-
pholipases, as suggested in Musca and Drosophila by
autolysis phenomena [29,31,32]. In fact, the AChE of
sheep platelet membrane is sensitive to PI-PLC [14].
After phenyl-agarose chromatography, 12.3 þ 0.6%
(n = 5) of the sheep platelet AChE loosely bound to
the membrane and extracted with high-salt bu¡er in
the HSS fraction was eluted by passing the equili-
brium bu¡er through the column while the remaining
activity (84.9 þ 1.2, n = 5) was eluted after washing
with Triton-equilibrium bu¡er (Fig. 2, panel B).
From these data, the percentage distribution of am-
phiphilic and hydrophilic forms of AChE from this
fraction was calculated (Table 1); it was found that
6.1% of total AChE were amphiphilic forms and
only 0.9% had a hydrophilic character. The high
proportion of amphiphilic forms found in this frac-
tion suggests a membrane origin, and these forms
may be released during enzyme extraction with
high ionic strength bu¡er, as has been established
in erythrocyte ghosts by treatments with bu¡ers con-
taining at least 1 M NaCl [11]. Our data contrast
with those reported for mammalian brain, where
most of the AChE released during homogenization
with high salt bu¡ers displays hydrophilic character-
istics and only 25% are amphiphilic forms [25]. These
data are in accordance with the general idea that in
many tissues extraction with low or high salt bu¡ers
releases a certain amount of AChE containing com-
pletely water-soluble forms and other forms that in-
teract with non-denaturing detergents, although de-
tachment of the bulk of the membrane-bound
enzyme requires incubation of the tissue with deter-
gents [3,11].
The tightly membrane-bound AChE in sheep pla-
telets extracted with detergent-high salt bu¡er in the
DS fraction was retained by phenyl-agarose gel and
eluted with Triton-equilibrium bu¡er in a single ac-
tivity peak (97.2 þ 0.5% of total activity in this frac-
tion, n = 5) (Fig. 2, panel C). This activity corre-
sponds to amphiphilic forms, which represent about
59% of total AChE in sheep platelets (Table 1). Hy-
drophilic forms are absent in this fraction. By con-
trast, in other sources detergent-soluble fractions
often contain varying proportions of hydrophilic
forms occluded within intracellular vesicles that re-
quire detergents only for solubilization [33,34]. The
exclusive amphiphilic nature reported in AChE solu-
bilized in the DS fraction is in agreement with the
notion that membrane-bound AChE from sheep pla-
telets is recovered mainly (85%) in the detergent-rich
phase during phase separation with Triton X-114
[27]. This behavior is also in accordance with the
hydrophobic glycolipid anchor postulated for sheep
platelet membrane-bound AChE, as suggested by the
Table 1
Percentage distribution of amphiphilic and hydrophilic AChE forms in solubilized fractions from sheep platelets
Form Fraction Total percentage
LSS HSS DS
Hydrophilic 26.9 þ 3.1 0.88 þ 0.08 ND 27.8 þ 3.1
Amphiphilic 2.81 þ 0.6 6.1 þ 0.5 59.3 þ 0.7 68.2 þ 0.9
Data were calculated from the expression aUb/100, where ‘a’ represents the % of AChE in each solubilized fraction (each data point
corresponds to each individual determination of the 4 used to make Fig. 1), and ‘b’ is the relative proportion of hydrophilic or am-
phiphilic forms in each fraction (data shown in the text of Section 3). ND: not detected.
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treatment with PI-PLC [14]. A predominance of am-
phiphilic AChE forms in membranes from erythro-
cytes and lymphocytes from di¡erent sources [4,6], in
the Torpedo electric organ [30,35] and in insect tis-
sues [29], has also been found, the enzyme tending to
form aggregates when the solubilizing detergent is
removed. In some cases, these hydrophobic interac-
tions may be suppressed by mild treatment with pro-
teases or phospholipases [4,29,31], releasing a short
hydrophobic domain at the C-terminus of each cata-
lytic subunit and hydrophilic activity.
3.3. Molecular forms of AChE
The hydrodynamic characteristics of AChE forms
extracted in the solubilized LSS, HSS and DS frac-
tions and in amphiphilic and hydrophilic forms sep-
arated by phenyl-agarose chromatography were in-
vestigated by sedimentation analysis.
Preliminary experiments revealed that analysis of
whole AChE in sucrose gradients with 0.15 M NaCl
containing Triton X-100 or Brij 97 a¡orded broad
enzyme pro¢les, enzyme activity being visible along
the whole gradient (data not shown). These results
probably indicate aggregation states of AChE. We
therefore included high ionic strength bu¡ers in the
gradients to study the native molecular forms of the
enzyme.
As can be seen in Fig. 3, sedimentation analysis of
soluble AChE (LSS extract) in gradients revealed the
occurrence of two main peaks. The major peak
shifted from 5.6 S in Triton X-100 to 5.1 S in Brij
97, whereas the minor peak changed from 3 S in
Triton X-100 to 2.1 S (shoulder) in Brij 97. The slight
modi¢cations detected by changes in the detergent
during migration in gradients are probably a conse-
quence of the very low contribution of amphiphilic
forms present in this extract (about 3% of total
AChE activity), as has been reported previously us-
ing phenyl-agarose chromatography. In agreement
with previous data [36,37], the above AChE forms
should correspond to globular dimers (G2) and
monomers (G1), which represent about 80% and
20% of the total AChE in the fraction. Taking into
account that the hydrophilic fraction corresponds to
about 27% of total activity in soluble AChE, the
above distribution suggests that dimeric hydrophilic
forms would represent about 22% of total activity
(GH2 ) in the soluble enzyme, whereas the remainder
would correspond to monomeric hydrophilic forms
(5%, GA2 ). Sedimentation analysis of soluble AChE
not retained by phenyl-agarose in gradients with Tri-
ton X-100 disclosed pro¢les with a main peak of 5.1^
5.3 S, with no shift in the sedimentation coe⁄cient
when Triton X-100 was replaced by Brij 97 (data not
shown). This kind of behavior corresponds to glob-
ular detergent-insensitive forms, probably dimers
(GH2 ) and corroborates the above considerations.
An amphiphilic dimer can be converted into its hy-
drophilic counterpart after di¡erent proteolytic
[31,38,39] or bacterial PI-PLC [6,18,40] treatments
or by autolysis [32]. Thus, the action of either sig-
Fig. 3. Sedimentation pro¢les of cytosolic AChE from sheep
platelets. The cytosolic fraction (LSS fraction) was analyzed by
centrifugation on a linear sucrose gradient (5^20%) carried out
in high-saline bu¡er (bu¡er B) with 0.5% Triton X-100 or 0.5%
Brij 97 (w/v). Arrows (s) show the position of enzyme markers
in the gradient: L-galactosidase (16.0 S, G) and alkaline phos-
phatase (6.1 S, P). Note that the sedimentation coe⁄cient val-
ues of the main peak (5.6 S, G2 form) and shoulder (3 S, G1
form) in the gradient made up with Triton X-100 were reduced
in comparison with those obtained with Brij 97 (5.1 S and 2.1
S, respectively).
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nal-generating enzymes, such as PI-PLC, or that of
endogenous proteases released during adhesion or
platelet activation [41] could at least partially be re-
sponsible for the predominant hydrophilic dimeric
forms of AChE found in sheep platelet LSS extracts.
These molecular forms may represent a degradation
product of the membrane-bound AChE form due to





a result of the loss of the glycolipid domain, as has
been postulated in rabbit lymphocytes [6] and ob-
served in fresh extracts of house£y heads even in
the presence of high concentrations of antipro-
teinases [32]. The monomers found in LSS extracts
from sheep platelets could arise through the action
of either endogenous proteases or residual endoge-
nous reducing agents [42]. It is well known that re-
duction by dithiothreitol or mercaptoethanol con-
verts amphiphilic and hydrophilic dimers into
amphiphilic and hydrophilic monomers, respectively
[5,11,24,31,42]. However, the inclusion of NEM dur-
ing enzyme extraction prevents the conversion of G2
to G1, apparently through the alkylation of sulfhy-
dryl groups of endogenous reducing agents or pro-
teases, as has been found in chicken AChE [43] and
human erythroleukemia K562 cells [18]. Minor
amounts of monomeric enzyme have also been ob-
served in di¡erent sources, such as human erythro-
cyte membranes [11], two sublines of human eryth-
roleukemia K562 cells [18], human lymphocyte
membranes [5], insect extracts [29] and several verte-
brate tissues [3].
Sedimentation analysis of amphiphilic AChE sep-
arated by phenyl-agarose chromatography from LSS
and DS extracts revealed a main peak sedimenting at
5.6 S and 5.2 S, respectively, in the gradients con-
taining Triton X-100, as can be seen in Fig. 4. These
sedimentation coe⁄cients were slightly shifted to 4.2
S and 4.6 S, respectively, in the presence of Brij 97,
con¢rming that they were indeed amphiphilic forms.
These pro¢les observed in 5^20% sucrose gradients
were identical to those found when 5^40% sucrose
gradients were used. Similar sedimentation pro¢les
were found in amphiphilic AChE extracted in the
HSS fraction, where sedimentation coe⁄cients of
5.2 S and 4.5 S were detected in the presence of
Triton X-100 and Brij 97, respectively (data not
Fig. 4. Sedimentation pro¢les of amphiphilic AChE forms solubilized in DS (upper panels) and LSS (lower panels) fractions from
sheep platelets. Amphiphilic forms separated by phenyl-agarose chromatography as indicated in Fig. 2 were layered onto a 5^20%
(w/v) continuous sucrose gradient made up in high-saline bu¡er with 0.5% Triton X-100 or 0.5% Brij 97 and centrifuged at
165 000Ug for 18 h. Internal markers as in Fig. 3. The sedimentation coe⁄cients in gradients with Triton X-100 (5.2 S in DS and
5.6 S in LSS) shifted in the presence of Brij 97 (4.6 S in DS and 4.2 S in LSS).
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shown). The sedimentation pro¢les obtained in un-
fractionated AChE from the HSS and DS fractions
were almost identical to those shown in Fig. 4, with a
main peak sedimenting at about 6 S in gradients with
Triton X-100 (data not shown). These mean S values
(5.6 þ 0.7 S in Triton X-100 and 4.6 þ 0.3 S in Brij 97,
n = 4) are similar to those previously determined for
G2 AChE from human erythroleukemia K562 cells
[18], rabbit and human erythrocytes [6,11,24], several
insects [29] and Torpedo electric organ [30], and
probably correspond to the dimeric state of the glob-
ular catalytic subunit of the enzyme. These assigna-
tions were con¢rmed following the reduction of di-
sul¢de bonds with dithiothreitol, a treatment which
converts dimers to monomers without altering deter-
gent interactions [18,24]. The reduction procedure in
the presence of the sulfhydryl alkylating agent NEM
resulted in some loss of enzyme activity, but this loss
was reduced almost two-fold by the addition of 0.5 M
edrophonium chloride, a competitive inhibitor of
AChE, to the reduction medium. Density gradient
analysis in the presence of Triton X-100 of DS ex-
tracts after reduction and alkylation pointed to a
single activity peak of AChE with an apparent S
value of 4 S, regardless of the presence or absence
of edrophonium in the reduction medium (Fig. 5).
This sedimentation coe⁄cient is consistent with a
globular monomeric form [1,5,11,18,24]. In any
case, the fact that this coe⁄cient value is lower
than that found in AChE from non-reduced DS ex-
tracts clearly indicates that the amphiphilic AChE
molecular forms detected by us are G2 rather than
G1 forms. These dimeric molecular forms must cor-
respond to native forms anchored in sheep platelet
membrane by a glycolipid domain, as suggested by
Majumdar and Balasubramanian [14]. This molecu-
lar form is probably similar to the globular dimeric
forms described in Diptera AChE [29] and AChE
from di¡erent vertebrate tissues, such as Torpedo
electric organ [44], mammalian erythrocytes [4] and
lymphocytes [6].
In summary, our results show that amphiphilic
globular dimers are the dominant molecular form
found in sheep platelet AChE, and can be mostly
extracted mainly by treatment with detergent-bu¡er
or, in minor amounts, after treatment with low and
high ionic strength bu¡ers without detergents. We
suggest that the predominance of hydrophilic forms
found in soluble AChE (LSS extracts) could be the
result of a signi¢cant conversion of GA2 into G
H
2 and
GH1 through the action of either endogenous pro-
teases and phospholipases or residual endogenous
reducing agents.
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